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(57) Apparatus for forming a tubular casing within a subterranean formation including a pre-existing wellbore 
casing 115 comprises a tubular liner 210 and means such as expansion cone 205 (Fig 2) for radially 
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that the inside diameter of the radially expanded tubular liner (Fig 9) is equal to the inside diameter of a 
non- overlapping portion of pre-existing casing 115. 
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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application Is a continuation-in-part of U.S. utility application serial number 
09/454.139, attorney dodcet number 25791.3.02. filed on 12/3/1999, which claimed the 
5 benefit of the filing date of U.S. provisional patent application serial number 

60/1 1 1 ,293, attorney docket number 25791 .3, filed on 12/7/1998. the disclosures of 
which are Incorporated herein by reference. 

This application is related to the following: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

10 application serial no. 09/510,913, attorney docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350. attorney docket no. 25791 .8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791 .9.02. filed on 1 1/15/1 999. (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25701 .11.02. filed on 3/10/2000. (6) U.S. patent application serial 

15 no. 091^12395. attorney docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 
applteatton serial no. 08161 1 .941 , attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent appiteation serial no. 09^946. attorney docket no. 25701.17.02. fUed 
on 6/7/2000. (9) U.S. patent appUcatton seriai no. 09/559,122. attorney docket no. 
25791.23.02. filed on 4/2B/2000, (10) PCT patent applkatkm serial no. 

20 PCTAJSOQ/18635. attorney docket no. 25791.25.02. filed on 7/9/20Q0. (11) U.S. 

provlskmal patent applteaOon serial no. 60/162.671. attorney docket no. 25791 .27, filed 
on 1 1/1/1999. (12) U.S. provisk)nal patent appncatton serial no. 60/154,047. attorney 
docket no. 25791.29. fDed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 

25 provisional patent applicatkxi serial no. 60/159,039. attorney docket no. 25791 .36. fVed 
on 10/12/1999. (15) U.S. proviskinal patent application serial no. 60/159.033. attorn^ 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provteional patent applicatton serial 
no. 60/212.359, att(xney docket no. 25701.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

30 11/12/1999, (18) U.S. provisk>nal patent application serial no. 60/221,443. attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial 
no. 60/221 ,645, attorney docket no. 25791 .46. filed on 7/28/2000. (20) U.S. provisional 
patent application serial no. 60/233.638, attorney docket no. 25791.47, filed on 
9/18/200O. (21) U.S. prcvlstonal patent applicatkxi seriai no. 60/237.334, attorney 

35 docket4io. 25791.48. filed on 10/2/2000, and (22) U.S. provlstonal patent application 



serial no. 6CV262,434. attorney docket no. 25791.51, filed on 1/17/2001. the disclosures 
of wMch are incorporated herein by reference. 

Bad^round of the Invention 

This Invention relates generally to weHbore casings, and in particular to wellbore 
casings that are fonned using expandable tubing. 

Conventkxwily. when a welbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole vraR and to prevent undesired outflow 
of drilling fluid Into the formation or Inflow of fluid frorn the Ibm^ 
The borehole is drilled In intervals whereby a casing which is to be instolled in a lower 

borehole interval is towered through a previously Installed casing of an upper borehole 
lnten«l. As a consequence of this procedure the casing of the kiwer inten/al is of 
smaller diameter than the casing of the upper intend. Thus, the casings are in a 
nested anangement with casing diametere decreasing in downward directton. Cement 
annull are provUed between the outer jBurfaoes of ttw casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence oftNs nested arrangement 
a relatively large borehotedtenwter is lequlred at the upper jart of the weBbore. Such 
a large borehole diameter Involves increased cosis due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling flujd and driU cuttings. 
Moreover, increased drilling rig time is Involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations In hole 
diameters drilled In the course of the well, and the large volume of cuttings drilled and 
removed. 

The present Invention is directed to overcoming one or more of the llmitaUons of 
the existing procedures for forming new sectfons of casing in a wellbore. 

Summary of the Inventkm 

According to one aspect of the present invention, an apparatus for fonning a 
wellbore casing in a borehole located in a subtenanean fonnation including a 
preexisting wellbore casing is provkled that includes a support member including a first 
fluW passage, an expansnn cone coupled to the support member including a second 
fluW passage fluidtoiy coupled to the firet fluM passage, an expandable tubular liner 
movaWy couptetf to the expanston cone, and an expandai)le shoe coupled to the 
expandable tubular Hner. 

According to another aspect of the present Inventton. a shoe Is provUed thai 
Includes an upper annular portion, an intennediato annular portkm. and a tower annular 
portton. The Intermediate annutar portton has an outer drcumfaience that is larger 
than the outer circumferences of the upper and tower annular porttons. 
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Acxx>rding to another aspect of the present invention, a method of forming a 
wellbore casing fn a subterranean fbanation having a preexisting wellbore casing 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoe, and radially expanding at les^t a portion of the 
tubular liner by Injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present Invention, an apparatus for fonning ^, ' 
a wellbore casing in a subtenranean formation having a preexisting wellbore casing ^ 
positioned In a borehole is provided that includes means for installing a tubular linerr^o. 
1 0 expansion cone, and a shoe in the borehole, means for radially expanding at least a \ 

V. 

portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
9 wellbore casing within a suMarranaan fonmatton Including a preexistihg wellbore 

1 5 casing positioned In a borehole Is provided that Includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting wellbore casing. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overiapping portion of the 
preexisting wellbore casing. 

20 According to another aspect of the preserrt Invention, a wellbore casing 

positioned in a borehole within a subtenranean fonnation is provided that includes a first 
wellbore casing, and a second weHbore casing coupled to and overlapping with the first 
weiibore casing. The second wellbore casing is coupled to the first wellbore casing by 
the process of: instadling the second weiibore casihg, an expansion oorie, and a slioe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fiuidic 
material Into the shoe, and radially expanding at least a portion of the second vmllbore 
casing by injecting a fluidic malarial Into the borehole below the expansion cone. 

According to another aspect of the present invention, a method of forming a 
tubular structure In a subterranean formation having a preexisting tubular member 

30 positioned In a borehole is provided that includes Installing a tubular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by Injecting a fluidic material into the borehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for fonning 

35 a tubular structure in a subtenranean formation having a preexisting tubular member 
positioned In a borehole is provided that includes means for lnstalling a tubular liner, an 
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expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tutxjlar 
liner. 

According to another aspect of the present invention, an apparatus for forming 
5 a tubular structure within a subterranean fonnation including a preexisting tubular 

member positioned in a borehole is provided that includes alubular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of tt^ radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overtapping portion of the 
10 preexisting tubular member. 

According to another aspect of flie present invention, a tubular structure 
positioned In a borehole wtthin a subterranean fonratton Is provided tt)at includes a first 
tubular member and a second tubular member coupled to and overlapping with ttie first 
tubular member. The second tubular member is coupled to the first tubular member by 
15 ttie process of: installing ttie seoortd tubular member> an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of tiie shoe by injecting a fluldic 
material Into ttie shoe, and radially expanding at least a portion of ttie second tubular 
member by injecting a fluidic material into ttie borehole below ttie expansion cone. 

Brief Description of ttie Drawings 
20 FIG. 1 is a firagrnentary cross-sectional view iUustratfng ttie drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-secUonal view illustrating ttie placement of an 
embodiment of an apparatus for creating a nK)no<liameter weBbore casing within ttie 
new section of the weU borehole of FIG. 1. 
25 FIG. 2a is a cross-secUonal view of a portion of ttie shoe erf ttie apparatus of 

FIG. 2. 

FIG. 2b Is a cross-sectionai view of anottier portion of ttie shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-sectional view of anottier portion erf ttie shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-secUonal view of anottier portion of ttie shoe of ttie apparatus 
of FIG. 2. 

FIG. 2e is a cnoss-sectional view of a portion of ttie shoe of ttie apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well t)orehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a aoss-secUonal view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragnientary cross-sectional view illustrating the injection of a fluidic 
material into the apparatus of FIG. 3 In order to fluidicly isolate the interior of the shoe. 
10 FIG. 4a a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

RG, 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 Is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-secttonai view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view illustrating the injection of fluidic material Into 

the radially expanded shoe of the apparatus of FIG. 7. 

RG. 9 Is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-secUonal view illustrating the rennoval of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional vtew illustrating the formation of a nriono-dlameter 
welbore casing that Includes a plurality of overlapping niorKMliameter wellbore 
casings. 

FIG. 12 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative embodiment of an apparatus tor creating a mono-diameter wellbore casbig 
within the wellbore of FIG. 1 . 

FIG. 1 2a Is a cross-sectional view of a portion of tlie shoe of the apparatus of 
RG. 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG.1Z 
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FIG. 1 2c is a cross-sectionat view of another portion of the shoe of the 
apparatusdf FIG. 12. 

FIG. 12d is a cfoss-secHonal view of another portion of the shoe of the 
apparatusof FIG. 12. 
5 FIG. 1 3 is a fragmentary cross-sectional view illustrating the injection of a 

hardenable fluidic sealing matertal through the apparatus and into the new section of 
the well borehole of FIG. 12. 

FIG. 13a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a fragmentary cross-sectional view illustrating the Injection of a fluidic 

material into the apparatus of FIG. 13 in order to fluididy isolate the Interior of the shoe. 

FIG. 14a is a cross-Mctional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 Is a croes-secUonai view illustrating the lowering of the expandable 
expansion oone into the radially expanded shoe cff the apparatus of FIG. 15. 

FIG. 17 is a crose-secSonai view illustrating the exparision of the expandable 
expansion oone of the apparatus of FIG. 16. 
20 FIG. 1 8 is a cross-sedional view illwtrating the injection of fiddic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 1 9 Is a ooss-sediond view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view illustrating the rarraval of the bottcxm portion of 
25 the radially expanded shoe of the apparatus of FIG. 1 9. 

Detailed Description of the Illustrative Embodiments 
Refening initially to FIGS. 1 , 2, 2a, 2b, 2c 2d, 2e, 3, 3a, 3b, 4, 4a, 4b, and 5- 
10, an emtxxiiment of an apparatus and method for forming a mono<liameter wellbore 
casing within a subterranean fomiation will now be described. As Illustrated in Fig. 1 , a 
30 wellbore 100 is positioned in a subterranean formation 105. The wellbore 100 includes 
a preexisting cased section 110 having a tubular casing 1 15 and an annular outer 
layer 120 of a fluidic seaHng material such as, for example, cement The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several altemaflve 
embodbnents, the preexisting cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the wetlbore 100 into the subterranean fbmiation 105, a drill 
string 125 is used in a well Icnown manner to drill out material from the subtenanean 
formation 105 to fonn a new wellbore section 130. In a preferred embodiment, the 
inside diameter of the new wellbore section 130 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As illustrated in FIGS. 2, 2a, 2b, 2c 2d, and 2e, an apparatus 200 for forming a 
wellbore casing in a subterranean formation Is then positioned in the new section 130 
of the wellbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
10 portion 210a, an intennediate portion 210b, an upper portion 21 Oc, arid an upper end 
portion 210d. 

The expansbn cme 205 may be any number of conventional commercially 
available expansion cones, in several alternative embodiments, the expansion cone 
2Q5 may be oontrrilably expandable in the radial direction, fbr example, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,012,523, the disclosures of which are 
Incorporated herein by refiBrBnoe. 

The tubular member 210 may be fabricated from any number of conventional 
oommerdally available materials such as, for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a preferred 

20 embodiment, the tubular member 21 0 Is fabricated from OCTG in order to maxin^ 
strength after expansion. In several alternative embodlnients, the tubuldrnienrib^ 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 Is preferably limited to b^ween about 40 to 20,000 feet in 
length* 

25 The lower portion 210a of the tubular nienrri)er 210 preferably has a larger 

inside diameter than the upper portim 21 Oc of the tubular member. In a prefenred ^ 
embodiment, the wall thickness of the Intermediate portion 210b of the tubular member 
201 is less than the wall thidcness of the upper portion 210c of the tubular member in 
order to facilitate the initiation of the radial expansion process. In a preferred 

30 embodiment, the upper end portion 21 Od of the tubular member 21 0 is slotted, 

perforated, or othenvise modified to catch or slow down the expanston cone 205 when 
it completes the extmslon of tubular member 21 0. In a preferred embodiment, wall 
thickness of the upper end portkm 21 Od of the tubular memt>er 21D is gradually tapered 
In order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expanskm process, in this manner, shock toadlng conditions 
during the latter stages of the radial expansion process are at least minimized. 
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A shoe 215 is coupled to the lower portion 210a of the tubular memt)er. The 
shoe 215 includes an upper portion 215a, an intennediate portion 215b, and tower 
portion 215c having a valveable fluM passage 220 that is preferably adapted to receive 
a plug, dart, or other similar element for controllabiy sealing the fluid passage 220. In 
S this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c, of the shoe 215 are preferably 
substantially tubular, arid the Intemnediate portion 215b of the shoe is preferably at 
least partially folded inwardly. Furthertnore, in a preferred embodiment, when the 

10 intermediate portion 21Sb of the shoe 215 is unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
Intdrmedlata portion are preferably both greater than the inside and outside diameters 
oftheupperand lower portions, 215a and 215& In thismanner, the outer 
drournferehoe of the intermediate portion 215b of the shoe 215 i 

15 than the outside drcumfersnoes ofthe upper and lower portions, 215a and 215b, of the 
shoe. 

In a preferred embodiment, the shoe 215 further includes one or more through 
and side outlet ports in fluldic communication with the fluid passage 220. in this 
manner, the shoe 215 optimally bifeds hardenabte fluidic sealing material into the 

20 region outside the shoe 215 and tubular member 210. 

In an alternative embodiment, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a aruJ 225b is ooupted to the 
expansion a3ne 205 for supporting the apparatus 200. The fluid pmsage 22Sa is 
preferably fluididy coupled to the fluid passage 205a. In this manner, fluidic materials 

25 may be conveyed to and from the rsgton 230 below the expansion cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluididy coupled to 
the fluid passage 225a and indudes a oonventional control valve, in this manner, 
during placenrient of the apparatus 200 within tlie wellbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a prefenned embodiment, the support memt>er 

30 225 further indudes one or mors conventional oentralizers (not illustrated) to help 
stebllize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100, the fluid 
passage 225a is prafisrabiy seleded to transport materials such as. for exampte, drilling 
mud or fbrmatlon fluids at flow rates and pressures ranging from about 0 to 3,000 

35 gallons/hiinute and 0 to 9,000 psi hn order to minimbpe drag on the tutHJtar member 
being run and to minimize surge prsssures exerted on the wellbbre 130 which cwld 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellt)ore 100, the fluid passage 225b is preferably selected to 
convey fiuidlc materials at flow rates and pressures ranging from about 0 to 3,000 
galtons/minute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 
5 during Insertion into the new section 130 of the wellbore 100 and to minimize surge 
pressures on the new wellbore section 1 30. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seat 235 prevents foreign materials from entering the interior region of the tubular 
member 21 0 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance witti the 
teachings of the present disclosure. In a prefenBd embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Sen/ices In Dallas, 7X in order to 
opUnrally block foreign nriatsrial and omtain a body of lUbric^ In several alternative 

15 embodiments, the cup seal 235 may Include a plurality of cup seals. 

One or mom sealing members 240 are preferably coupled to and supported by 
the exterior surfaoe of the upper end portion 210d of tiie tubular rnember 210. The 
sealing members 240 preferably provkto an overiapping joint between the tower end 
portion 1 15a of the casing 115 and ttie upper end portion 210d of ttie tobular member 

20 210. The sealing nmnibers 240 may be any nunriber of ^r^ 

avaiU)le seals such as, for example, lead, rubber, TeStor^ or epoxy seals modified in 
aooordanoe wNh the teachings of the present disctosure. In a preferred embodiment, 
ttie sealing members 240 are mokJed from Stratelock epaxy avaHabie from Hailiburion 
Energy Services In Dallas, TX in order to qiUmally provide a toad bearing Interference 

25 fit between the upper end portion 210d of ttie tiAuter member 210 and ttie lower end 
portion 1 15a of the existing casing 1 15. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional force to support ttie expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, tt)e frictional force optimally 

30 provtoed by the seiaHng members 240 ranges from about 1 ,000 to 1,000,000 Ibf In 
order to optimally support the expanded tubular member 21 0. 

In an alternative embodiment, ttie sealing members 240 are omitted from the 
upper end portion 210d of the tubular member 210, and a load bearing metehto-metel 
Interference fit is provMed between upper end portion of tiie tubular member and tiie 

35 lower end portion 1 1 5a of the existing casing 1 1 5 by ptasticaliy deforming and radially 
expanding the tubuter member into contact wHh ttie existing casing. 
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In a preferred ertibodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion cone 205 Is 
fedlitated. The lubricant 245 may be any number of conventionai commercially 

5 available lubricants such as, for example, Lubriplat^ chlorine based lubricants, oil 
based lubricants or Climax 1500 Antisieze (3100). In a preferred embodiment, the 
lubricant 245 is Climax 1 500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum lubrication to 
facilitate the expansion process. 

10 In a prefemed embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 is minimized. This mInimizBS the 
posslbHIty of foreign material clogging the various flow passages and valves of the 
apparatus 200. 

15 in a preferred embodiment before or after positioning the apparatus 200 within 

the new section 130 of the wellbore 100. a couple of weiibore volumes are circulated in 
order to ensure that no foreign matertals are located within the wellbore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2ejn a preferred enribodiment 

of the apparatus 200 within the wellbore 100. fluldic materials 250 within the wellbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220. 205a. 225a. and 225b. In this manner^ surge pressures created by the 
piaoement of the apparatus vMhin the wellbore 100 are reduced. 

25 As illustrated In FIGS. 3, 3a, and 3b. the fluid passage 225b is Uien dosed and 

a hardenable fluidic sealing material 255 is then pumped from a surfece location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior regton 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the Interior wail of the new section 
130 of the wellbore 1 00. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular regton 260. 

The material 255 is preferably pumped into the annular regton 260 at pressures 

35 and flow rates ranging, for exampte, from about 0 to 5000 psi and 0 to 1 ;500 

gaitons/min. respectively. The optimum flow rate and operating pressures vary as a 
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function of the casing and wellbore sizes, wellbore section length, available pumping 
equipnnent, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detennined using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

. conrvnercially available hardenable fluidic sealing materials such as« for example, slag 
mix, cement, latex or epoxy. In a prefened embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from IHalliburton Energy Sen/ices in Dallas, TX in order to provide optimal 

10 support for tubular member 21 0 while also maintaining optimum flow characteristics so 
as to minimize dlfficutttos during the displacement of cement in the annular region 260. 
The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In several irttemative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

1 5 The annular region 260 preferably is fined with the material 255 In sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new secUon 130 of the wellbore 100 wlH be filled with the material 
255. 

in an altemative embodiment, the iriiedion of the malarial 255 into the annular 
20 region 260 is omitted, or is provided afier the radial expansion of the tubular nDen^ 
210. 

As illustrated hfi FiGS. 4, 4a, and 4b, once the annular region 260 has been 
adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the fiuid ps»sage 220, thereby fiuididy isolating the interior region 230 from the 

25 annular region 260. In a preferred embodiment, a non-hardenable fluidic materiai 270 
is then pumped into the interior region 230 causing the interior region to pressurize. In 
this manner, the interior region 230 of the expanded tubular member 210 will not 
contain significant amounts of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Altematively, the material 255 may be used during this 

30 ptiase of the process. 

As illustrated in FIO. 5. in a preferred embodiment, the continued injection of 
the fluidic materiai 270 pressurizes the region 230 and unfolds the intermediate portion 
215b of tiie shoe 215. In a preferred embodiment, tiie outside diameter of the unfolded 
intemnediate portion 215b of the shoe 215 is greater than the outside diameter of ttie 

35 upper and lower portions, 215a and 215b. of the shoe, in a preferred embodiment, the 
Inside and outside diameters of ttie urtfoided intermediate portion 215b of the shoe 215 
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aire greater than the inside and outside diameters, respectively, of the upper and lower 
portionSt 215a and 215b, of the shoe. In a preferred embodiment the inside diameter 
of the unfolded intennediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 15 in order to optimally 

5 fedlitate the formation of a mon&Kliameter wellbore casing. 

As illustrated in FIG. 6, in a preferred embodiment the expansion cone 205 is 
then lowered into the unfolded intermediate portion 215b of the shoe 215. In a 
preferred embodiment the expansion cone 205 is lowered into the unfolded 
intermediate portion 215b of the shoe 21 5 until ttie bottom of the expansion cone is 

10 proximate the lower portion 215c of the shoe 215. In a prefierrBd embodiment during 
ttie lowering of the expansion oone 205 into the unfolded intenradiata portion 215b of 
ttie shoe 215, the material 255 witiilh the annular region 260 and/or ttw bottom of ttie 
wellbore section 1 30 maintains the shoe 21 5 in a substantially stationary position. 
As illustrated in FIG. 7, in a preferred embodiment ttie outside diameter of ttie 

15 expansion cone 205 is then increased. In a preferred embodiment the outside 
diameter of ttie expansion cone 205 is increased as disclosed in U.S. patent nos. 
5p348,095« and/or 6,012.523, ttie disdosures of which are incorporate herein by 
reference, in a preferred embodiment the outside diameter of ttie radially expanded 
expansion cone 205 Is substantially equal to ttie inside diameter of ttie preexisting 

20 wellbore casing 115. 

In an aitenfiative embodiment ttie expansion oone 205 is not lowered into ttie 
radially expmded portion cf the shoe 21 5 prior to being radially expanded. In ttiis 
manner, ttie upper portion 210c of ttie shoe 210 may be radially expanded by ttie radial 
expansion of the expansion cone 205. 

25 In anbttier alternative embodiment ttie expansion cone 205 is not radiaily 

expanded. 

As Illustrated in FIG. 8, in a preferred embodiment a fluldic material 275 is ttien 
Injected into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once ttie interior regton 230 becomes sufficientty pressurized, ttie upper 

30 portion 21 5a of the shoe 21 5 and the tubular member 21 0 are preferably plastically 
defbnned, radially expanded, and extruded off of ttie expansion cone 205. 
Furttiemrore. in a prefenned embodiment during ttie end of ttie radial expansion 
process, ttie upper portion 210d of ttie tubular mMriber and ttie lower portion of ttie 
preexisUng casing 1 15 ttiat overtap witti one anottier are simuHaneousiy ptasUcally 

35 d^brmed and radially mpanded. In ttiis manner, a mono-diametBr wellbore casing 
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may be formed that includes the preexisting wollbore casir^ 1 15 and the radially 
expanded tubular member 210. 

During the extmslon process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a prefened embodiment during the 
5 extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to Iceep the tubular member 210 
stationary relative to the new wellbore section 1 30. In this manner, an overlapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 1 1 5 may be optimally fomned. In an altemative preferred 

10 embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellbore section 1 30 under the force of gravity 
and the operating pressure of the Interior region 230. 

In a prelienred embodiment, when the upper end portion 21 Od of the tubular 

IS nriennber 210 and the lower portion of the preexisting casing 115 that overlap with one 
another are plastically deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is disptaoed out of the wellbore 1 00 lyy both the operating 
prBSSure wKhh the region 230 and a upwardly (fireded axial fbroe app^ 
tubular support member 225. 

20 The overiapping Joint between the lower portion of the preexisting casing 115 

and the radtaily expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a parficularty preferred embodiment, the sealhg members 245 opUmally 
provide a fluidic and gaseous seal In the overiapping Joint in an aNsmatfve 
enibodinrient, the seaArtg members 245 are dnrritted^ 

25 In a prefenred embodiment, the operating pressurs and flow rate of the fluidic 

malarial 275 is controliably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extniston of the tubular member 210 off of the 
expansion cone 205 can be minimized. In a prefened embodiment, the operating 

30 pressure Is reduced In a substantially linear fashion from 100% to about 10% during 
the end of the extrusion process beginning when the exf^ansion cone 205 is within 
about 5 feet from completion of the extmslon process. . 

Alternatively, or in combination, the wall thickness of the upper end portion 
21 Od of the tubular member is tapered in order to gradually reduce the required 

35 operating pressure fbr plastically defbnming and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Attemativeiy, or in combination, a shock absorber is provided in the support 
member 225 in cmJer to absorb the shock caused by the sudden release dl pressure. 
5 The shock absort)er may comprise, for example, any conventtonal commercially 
available shock absort)er, bumper sub, or Jars adapted for use in wellbore operattons. 

Alternatively, or in combination, an expansion cone catching structure is 
provMed in the upper end portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 
10 In a preferred embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 during the expanston process. 
These effects will be depend upon the geornetry cf the expansk)n cone 205, ft^ 
material composNton of the tubular member 210 and expanston cone 205, the inner 
diameter of the tubular member 210, the wall thickness of the tubular member 2l0, the 
1 5 type of lubricant, and the yield strength of the tubular member 210. In general, the 
thteker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expanston cone 205. 

For ^ical tubular members 210, the extruston of the tubular member 210 off of 
20 the expanston cone 205 wHI begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psL 

During the extruston process, the expanston cone 205 may be raised out of the 
expanded portton of the tubular member 210 at rates ranging, for exampte, from about 
0 to 5 ft/sea In a preferred embodiment, during the extruston process, the expansion 
25 cone 205 is rais^ out of the expanded portion of the tubular member 21 0 at rates 

ranging from about 0 to 2 ft/sec in order to minimize the time raqulred for the expansion 
process while also pemnttUng easy control of the expanston process. 

As illustrated In FIG. 9, once the extnision process Is completed, the expanston 
cone 205 is removed from the wellbore 100. In a prefened embodiment, either before 
30 or after the removal of the expansion cone 205, the integrity of the fluidic seal of the 
overtopping Joint between the upper end portton 210d of the tubutor member 210 and 
the tower end portton 1 15a of the preexisting wellbore casing 1 15 is tested using 
conventional methods. 

In a preferred embodiment, if the fluUto seal off the overlapping Joint between 
35 the upper end portion 210d of the tubular member 210 and the tower end portion 1 15a 
of ttie casing 115 is satisfedory, then any uncured portion of the material 255 within the 
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expanded tubular member 210 Is then removed in a conventional rhanner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill Is used in oomblnation with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular member 21 0. In a preferred 
enrtfxxljment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As illustrated in FIG. 10, the bottom portion 215c of the shoe 215 may thm be 
removed by drilling out the bottom portion of the shoe using conventional drilling 

10 methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
extended portksn of the wellbore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As illustrated in FI& 11, the method of FIGS. 1-10 may be repeatedly 

15 performed in order to provide a mono-diameter wellbore casing that includes 

overlapping wellbore casings 115 and 210a-210e. The wellbore casing 1 15, and 210a- 
210e prriierably include outer annular layers of fluidic sealing material. AKematlvely, 
the outer annular layers of fluidic sMiIng material may be omitted. In this manner, a 
mono-diameter wellbore casing may be formed within the subtenranean formation that 

20 extends for tens of thousamJs of feet More generally still, the teachings of FIGS. 1-11 
may be used to fbmi a mono-diameter wellbore casing, a pipeline, a structural support, 
or a tunnel within a subterranean formation at any orientation from the vertical to the 
horizontal. 

In a preferred embodimmt, the formation of a mono-diameter wellbore casing, 
25 as iHustretad In R6S. 1-11, is further provided as disclosed in orte ormore of the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913, 
attorney dodcet no. 25791.7.02, filed on 2^3^000, (3) U.S. patent application serial 
no. 09/502.350, attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
30 application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
35 no. 09/588,946. attorney docket no. 25791.17.02, fited on 6/7/2000. (9) U.S. patent 
appitoation serial no. 09/559,122, attorney docket no. 25701.23.02, filed on 4/26/2000, 
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(10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 

5 9/16/1999, (13) U.S. provislonai patent application serial no. 60/159,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. pnDvisional patent applicatton serial 
no. 60/159.039, attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent applicatton serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent applicatton serial no. 60/212,359, attorney 

10 docket ru). 25791.38, filed on 6/19/2000, (17) U.S. provislonai patent application serial 
no. 60/165.228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
provistonal patent application serial no. 60/221 ,443, attorney docket no. 25791 .45, filed 
on 7/28/2000, (19) U.S. provistonal patent applicatton aerial no. 60/221,645. attorney 
docket no. .25791:46, filed on 7/28/2000, (20) U.S. provfstonal patent applicatton serial 

15 no. 60/233,638. attorney docket no. 25791.47. filed on 9/18/2000. (21) U.S. provisional 
patent applicatton serial no. 60/237,334, attorney docket no. 25791.48. fitod on 
10/2/2000. and (22) U.S. provisional patent application serial no. 60/262,434, attorney 
docket no. 25791.51. filed on 1/17/2001, ttie disctosures of which are incorporated 
herein t)y refiBrence. 

20 Relierring to FIGS. 12, 12a, 12b, 12c, and 12d, in an attmative embodiment, an 

apparatus 300 for fomdng a mono-diameter weilbore casing is posittoned wittiin ttie 
weObore casing 115 that is substantially klentical in design and operation to the 
apparattjs 200 except ttmt a shoe 305 is substituted for tlie shoe 21 5. 

In a preferred embodiment, the shoe 305 includes an upper portion 30Sa, an 

25 Intennediate portion 3.0Sb, and a tower portion 305c having a valveable fluM passage 
310 ttuit is preferably adapted to receive a plug, dart or otiier similar etemeht for 
controHably sealing tiie fluid passage 310. In ttiis manner, the fluid passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing etoments into the 
fluU passage 310. 

30 The upper and lower portions, 305a and 305c, of the shoe 305 are preferably 

substantially tubular, and VhB intennediate portion 305b of the shoe includes 
corrugations 305ba-305bh. Furthermore, in a preferred emt>odiment, wtien the 
intennediate portion 305b of ihe shoe 305 is radially expanded by the application of 
fluM pressure to ttie interior 315 of the shoe 305, the inside and outside diameters of 

35 the radially expanded intennediate portion are preferably both greater than ttie Inside 
and outskle diameters of ttie upper and tower portions. 305a and 305a In ttiis manner, 
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the outer drcumference of ttie intermediate portion 305b of the shoe 305 is preferably 
greater than the outer drcumferences of the upper and lower portions, 305a and 305c 
of the shoe. 

In a preferred embodiment, the shoe 305 further includes one or more through 
5 and side outlet ports in fluldk: communication with the fluid passage 310. in this 
manner, the shoe 305 optimally injects hardenable fluidic sealing malailai into the 
region outside the shoe 305 and tubular member 21 0. 

In an alternative embodiment the flow passage 31 0 is omitted. 

In a preferred embodiment, as Hiustrated In FIGS. 12 and 12d, during 
10 placement of the apparatus 300 within the weilbore 100. fluidic materials 250 within the 
wellbore that are displaced by the apparatus are conveyed through the flud passages 
310, 205a, 225a, and 225b. In this manner, suige prsssures created by the placement 
of ttw apparatus within the weHbore 100 are reduced. 

In a prefisrTBd enibodlmeht, M Illustrated In FiO. 13 and 13b. the fliM pass 
15 225b Is then closed and a hardenable fluidic sealing material 255 Is then pumped flpom 
a surface location Into the fluid passages 225a and 205a. The material 255 then 
passes ftom the fluid passage 205a Into the interior region 31 5 of the shoe 305 below 
the expansion oone 205. The material 255 then passes ftom the Interior region 315 
Into the fluid passage 310. The material ^5 then exits the apparatus 300 and fiOs the 
20 anrajlar region 260 between the exterior of the tubular rnernber 210 and the Interior violl 
orthenewsecHonlSOofthewellbprslOO. Continued pwnping of the material^ 
causes the material to fiH up at least a portion of the annular rsgion 260. 

The materia 255 is prrtisrably pumped into the annular region 260 at pressures 
and flow ratas ranging, for exampla. from about 0 to 5000 psi and 0 to 1 ,500 
25 galions/min, respecUvefy. The optimum flow lato and operating pressures vary as a 
function of the casing and wellbore sizes, wellbore section length, avaiteible pumping 
equipmeifit, and fluid properties of the fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably determined using conventional empirteal 
methods. 

30 The hardenable fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing matertals such as, for example, slag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

35 support for tubular member 21 0 v^ile also maintaining optimum flow characteristics so 
as to minimize difficulties during the displacement of dement in the annular region 260. 
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The optimum blend of the blended cement is preferably detenmined using conventional 
empirical methods. In several altemative embodiments, the hardenable fluidic sealing 
material 255 Is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 in sufRdent 
5 quantities to ensure that, upon radial expansion of the tubular member 21 0, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the ntiateriai 
255. 

In an altemative embodiment the injection of the material 255 into the annular 
region 260 Is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the fluid passage 310, thereby lluidiciy isolating the interior region 315 from the 
annular region 260. In a preferrsd embodiment, a non-hardenable fluidic material 270 
is then pumped into the Interior region 315 causing the interior region to plBssurize. In 

15 this manner, the Interior region 315 wHI not contain significant anKMjrits of the cured 
nurteriai 255. This also reduces and simplifies the cost of the entire process. 
Alternatively, the material 255 may be used during tNs phase of the process. 

As illustrated in FIG. 15, in a preferred embodiment, the continued injection of 
the fluicfic material 270 pressurizes the region 315 and unfolds the conrugations 305ba- 

20 305bh of the Intermediate portion ^5b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intermedtete portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions, 305a and 305b, ^tf 
the shoe, in a preferred embodiment, the inside and outside diameters of the unfolded 
intemnediate portion 305b of the shoe 305 are greater than the inside and outeide 

25 diameters, respectiveiy, of the upper and lower portions, 305a and 305b, of the shoe. 
In a prsfened embodiment, the inside diameter of the unfolded intemnediate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preexteting casing 305 in order to optimize the formation of a morxMliameter wellbore 
casing. 

30 As illustrated in FIG. 16, in a preferred embodiment, the expansion cone 205 is 

then lowered into the unfolded Intennediate portion 305b of the shoe 305. in a 
preferred embodinient, the expansion cone 205 is lowered Into the unfolded 
intennediate portion 305b of the shoe 305 until the bottom of the expansion cone Is 
proximate the lower portion 305c cf the shcte 305. in a preferred embodiment, during 

35 the lowering of the expansion cone 205 into the unfolded intemnediate portion 305b of 
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the shoe 305, the material 255 within the annular region 260 mainfains the shoe 305 in 
a substantially stationary position. 

As illustrated in FIG. 17. in a preferred ^bodlment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred emtKxJiment, the outside 
5 diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348»095, and/or 6,012,523. the disclosures of which are incorporate herein by 
reference. In a prefenrad embodiment the outside diameter of the radially expanded 
expansion cone 205 Is substantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

10 In an alternative embodiment, the expansion cone 205 is not lowered Into the 

radially expanded portion of the shoe 305 prior to being radially expanded, in this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodimerit, the expansion cone 205 Is not radially 

15 expanded. . 

As illustrated in RG. 18, In a preferred embodiment, a fluMIc material 275 is 
then injected into the region 31 5 through the fluid passages 22Sa and 20^ ina 
preferred embodiment once the interior region 315 becomes suffidentiy pre^urized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are prsferabty 

20 plasticaily deformed, radially expanded, and extmded off of the expansion cone 205. 
FurthemrKm. in a preferred embodiment during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 1 1 5 that overiap with one another are simultaneously piastlcany 
defonned and radially expanded. In this manner, a mono-diameter welibore cashg 

25 trm^ be formed that indudee the preexisting wellbore casing 115 and the radially 
expanded tubular member 210. 

During the extruston process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular member 21 0 is expanded in order to Iceep the tubular member 210 

stationary relative to the new welibore section 130. In this manner, an overtapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fomned. In an altemative preferred 
embodiment the expansion cone 205 is maintained in a stationary position during the 

35 extrusion process thereby allowing the tubular member 210 to extrude off of the 
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expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

in a prefenred emk>odinient, when the upper end portion 21 Od of the tubular 
memt)er 21 0 and the iower portion of the preexisting casing 115 that overlap with one 
5 another are plastically deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaced out of the wellt)ore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping Joint between the lower portion of the preexisting casing 115 
10 and'the radially expanded tubular niemt)er 210 preferably provides a gaseous and 
fluidic seal. In a particularly preferred embodiment the sealing members 245 optimally 
provide a fluidic and gaseous seal In the overlapping Joint In an alternative 
OTibodiment the sealing members 245 are omitled. 

In a preferred embodiment the operating pressltre and flow rate of the fhildic 
1 5 matofial 275 Is oontrollably ramped down when the mpansion cone 205 reaches the 
upper end portion 210d of the tubular nnember 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular memt^r 210 off of the 
expansion oone 205 can be minimizBd. In a preferred embodiment the operating 
pressure Is reduced in a substantlalty linear fashion from 100% to about 10% during 
20 the end of the extrusion process beginning when the expansion oone 205 is within 
^ut 5 feet from completion of the mtruslon process. 

Alternatively, or In combination, the wall thickness of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 
operating pressure for plastically defomrdng and radially exparKling the upper end 
25 portion of the tubular number. In this manner, shodc loading of the apparatus may be 
at least partially minimized. 

Alternatively, or in combination, a shodc absort)er is provided in the support 
memt>er 225 in order to absort) the shock caused by the sudden release of pressure. 
The shock at»ort)er may comprise, for example, any conventtonai commercidlly 
30 avaiiable shock absort>er adapted for use in wellbore operattons. 

Alternatively, or in oombinaticxi, an expansion cone catching structure is 
provkJed In the upper end portion 210d of the tubular niember 210 in order to catch or 
at least deoeleralB the expansk>n oone 205. 

In a preferred embodiment the apparatus 200 Is adapteid to minimize tensile, 
35 buret and friction effects upon the tubular member 210 during ttie mpanston process. 
These effects will be depend upon the geometry of the expansfcxi cone 205, the 
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.material competition of the tubular member 210 and expansion cone 205. the inner 
diameter of the tubular member 210, the wall thicimess of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner dteimeter, and the greater the yield 
5 strength of the tubular member 21 0, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extrusion of the tubular member 21 0 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 Durir^ the extrusion process, the expansk)n cone 205 may be raised out of the 

expanded portion of the tubular nriember 210 at rates ranging, for example, from about 
0 to 5 fl^sea In a preferred embodiment during the extmston process, the expansion 
cone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 Wsbo In order to minlmlzB the ttrifie required for the expansion 

15 process wMe also penrnitUng easy control of the expsralon process. 

As iilustrated In FIG. 19. once the exinjston process is completed, the 
expanston cone 205 Is removed from the wellbore 100. In a preferred embodiment 
either before or after the removal of the expansion cone 205, ttie integrity of ttie fluldic 
seal of 0ie overiapping Joint between the upper end portkm 21 Od of the tubular member 

20 210 and the tower end portion 1 t5a of the preexisting wellbore casing 115 Is tested 
using oonventional methods. 

In a pr^srred embodiment, if the fluMIc seal of the overlapping Joint between 
the upper end portion 210d of the tubular member 210 and the tower end portton 1 1 5a 
of the casing 115 is satistadory, then any uncured portkm of the material 255 within the 

25 expanded tubular member 210 Is then removed In a conventional nriann^ such as, for 
example, circulating ttie uncured material out of ttie interior of the expanded tubular 
member 210. The expansion cone 205 s ttien pulled out of ttie wellbore section 130 
and a drill bit or mill is used in combination witti a conventional drilling assembly to drill 
out any hardened material 255 within ttie tububr member 21 0. In a preferred 

30 embodiment, ttie material 255 wittiin ttie annular region 260 is then altovred to fully 
cure. 

As illustrated in FIG. 20, the bottom portton 305c of the shoe 305 may then be 
removed by drilling out ttie bottom portion of the shoe using oonventional drilling 
methods. The wellbore 100 may then be extended In a conventional rranner using a 
35 conventional drilling assembly. In a prsbnred embodiment, ttie inskle diameter of the 
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extended portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 1 2-20 may be repeatedly performed in order to provide a 
mono-dianoeter wellbore casing that indudes overiapping wellbore casings. The 
5 overiapping wellbore casing preferably include outer annular layers of fluidic sealing 
material. Altematively» the outer annular layers of fluidic sealing material may be 
omitted. In this manner, a mono-diameter wellbore casing may be formed within the 
subtenBnean fonmatlon that extends for tens of thousands of feet. More generally still, 
the teachings of FIGS. 1 2-20 may be used to fbnm a mono^iameter wellbore casing, a 

10 pipeline, a structural support, or a tunnel within a subterranean formation at any 
orientetion from the vertical to the horizontel. 

In a preferred embodiment, the formation of a monp-diameter wellbore casing, 
as iilustrated in FIGS. 12-20, is further provided as disctosed In one or more of the 
fdlpwing: (1) U.S. patent application serial no. 09/454,139. attorn 

15 25791.03.02, filed on 12/3/1999, (2) U.& patent application serial no. 09/510,913, 
attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. pater« application serial 
no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000. (4) U.S. patent 
appHcatton sertet no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent appHcation serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed 

20 on 3/10/2000, (6) U.S. patent applicatton serial no. 09/512,895, attorney docket no. 
25791.1Z02, fitod on 2/24/2000, (7) U.S. patent applicatton serial no. 09/511,941, 
attorney docket no. 25791 :i6.02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588,946, attorney docket no. 25791.17.02, fited on 6/7/2000, (9) U.S. patent 
applicatton serial no. 00/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000. 

25 (10) PCT patent applicatton serial no. PCT/US0(V18635, attorney docket no. 
25791 .25.02, filed on 7/9/2000. (1 1 ) U.S. provisional patent applicatton serial no. 
60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provistonai 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provistonai patent applicatton serial no. 60/159.082, attorney 

30 docket no. 25791.34, filed on 10/12/1999, (14) U.S. provistonai patent application serial 
no. 60/159,039, attorney docket no. 25791.36. fited on 10/12/1999, (15) U.S. 
provistonai patent application serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provistonai patent application serial no. 60/212,359, attorney 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provistonai patent applicatton serial 

35 no. 60/165,228, attorney docket no. 25791.39. filed on 11/12/1999. (18) U.S. 

provistonai patent application serial no. 60/221,443, attomey^docket nd. 25791.45, filed 
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on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221 .645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233.636, attorney docket no. 25791 .47. filed on 9/18/2000. (21 ) U.S. provisional 
patent application serial no. 60/237.334, attorney docket no. 25791 .48, filed on 

5 10/2/2000,and(22)U.S. provisional patent applteation serial no. 60/262,434, att^ 
docket no. 25791.51, filed on 1/17/2001, the disck)sures of which are incorporated 
herein by reference. 

In several alternative emtxxliments, ttie apparatus 200 and 300 are used to 
form and/or repair weilbore casings, pipelines, and/or structural supports. 

10 In several alternative emt)odiments, tiie folded geometries of the shoes 215 and 

305 are provkled in accordance with ttie teachings of U.S. Patent Nos. 5,425.559 
and/or 5,794,702. ttie disck^surss of which are incorporated herein by reference. 

An apparatus for forming a weilbore casing in a borehole kxsated in a 
subterranean formation including a preexisting weilbore casing has been described that 

15 includes a support member including a first fluid passage, an expanskxi cone coupled 
to ttie support member including a second fhjM passage fliddidy coupled to the first 
fluM passage, an expandable tubular liner movaUy coupled to the expansion cone, and 
an expandable shoe coupled to ttie expandable tubular Ibier In a prefenned 
embodiment, ttie expansion cone Is expandable. In a pretisrred embodiment, ttie 

20 expandable shoe includes a valveable fluid passage for oontrollirig ttie fkiw of fluidic 
materials out of ttie expandable shoe. In a preferred embodiment, ttie expandable 
shoe includes: an expendable portion and a rernaining portion, wherein ttie outer 
circumference of ttie expandable portion is greater ttian ttie outer drcumferenoe of ttie 
remaining portion. In a preferred embod^nt. ttie expandable portion IndudM: one or 

25 more inward folds. In a preferred embodiment, ttie expandable portion includes: one or 
more corrugations. In a preferred embodhient ttie expandable shoe includes: one or 
more inward folds. In a preferred embodiment, ttie expandable shoe Includes: one or 
more conugations. 

A shoe has also been described ttiat includes an upper annular portion, an 

30 intermediate annular portion, and a lower annular portion, wherein the intemiediate 
annular portion has an outer drcumference ttiat is larger ttian the outer circumferences 
of ttie upper and lower annular portions. In a prefened embodiment, the lower annular 
portion includes a valveable fluki passage for controlling ttie flow of fluidic materials out 
of ttie shoe. In a preferred embodiment, ttie intemnediate portion Includes orie or nnore 

35 inward fokls. In a prefened embodiment, ttie Intermed^ portion includes one or more 
comigattons. 
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A method of forming a wellbore casing in a subtenranean formation having a 
preexisting wellt>ore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 
5 shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. In a prefenBd emtxxliment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone, in a 

10 preferred embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner tyy injecting a fluidic material Into the borehole below 
the radially expanded expansion obne. In a preferred embodiment, the method further 
includes injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preterred embodiment, the method further includes 

15 radially expanding at least a portion of the preexisting wellbore casing. In a prefiBrred 
embodiment, the rnethod further includes overlapping a portion of the radially 
expanded tubular liner wNh a portion of the preexisting wellbore ca^ Inaprefenred 
embodiment, the inside diameter of the radially expanded tubular liner is substentiatly 
equal to the Inside diameter of a nonoveriapping portkx) of the preexisting weHbore 

20 casing. In a preff^rrBdenr)bodlrmnt,1henr)ethod further indudes^ 

to the expansion oone. In a preferred embodiment, the Inside dianneter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially ex(»nded 
tubular liner. 

An apparatus for forming a wellbore casing in a subterranean formation having 
25 a preexisting wellbore casing positioned in a borehole has also been descrit)ed that 
includes means for insteiling a tubular liner, an expansion cone, and a shoe in the 
borehote, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of ttie tubular liner. In a preferred emt>odiment, the 
apparatus further includes means for radially expanding the expansion cone. In a 
30 prefenBd embodiment, ttie apparatus further includes means for lowering the 

expansion cone into ttie radially expanded portion of ttie shoe, and means for radially 
expanding the expansion cone. In a preferrM embodiment, ttie apparatus further 
includes means for Injecting a fluidic material into the borehole below the radially 
expanded expansion oone. In a preferred embodiment, ttie apparatus further includes 
35 means for injecting a hardenable fluidic sealing material into an annulus between the 
tubutar liner and the borehole. In a preferred embodiment, ttie apparatus furttier 
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includes means for radially expanding at least a portion of the preexisting wellbore 
casing. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting welibore casing, in a prefenred embodiment the inside diameter of the 
5 radially expanded tubular liner is substantially equal to the Inside diameter of a 

nonbverlapping portion of the preexisting welibore casing, in a preferred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone. 
In a preferred ernbodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular liner. 

10 An apparatus for fbnrrting a welibore casing within a subtenranean fomnation 

including a preexisting welibore casing positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting welibore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

15 diameter of a non-overlapping portion of the preexisting welibore casing. 

A welibore casing positioned in a borehole within a subterranean fonration has 
also been described that Includes a first welibore casing and a second welibore casing 
coupled to and overlapping with the firet welibore casing, wherein the second weHbore 
casing Is coupled to the first welibore casing by the process of: installing the second 

20 weUbore casing, an expansion oone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second welibore casing by Injecting a fluidic material 
into the borehole below the expansion cone. In a preferred embodiment, ttie process 
for forming the welibore casing further Includes radially expanding the mpansion cone. 

25 In a prefenred embodbnent, the process for fbrmihg the welibore casing further includes 
lowering the expansion cone into the radially expanded portion of the shoe, and radially 
expandlr^Ei the expanston cone, in a preferred embodinrient, the process for fohning the 
welibore casing further includes radially expanding at least a portion of the shoe and 
the second welibore casing by injecting a fluidic material into the borehole below the 

30 radially expancted expansion cone. In a prefenred embodiment the process for fonming 
the welibore casing further includes injecting a hardenable fluidic sealing material into 
an annulus between the secmd welibore casirig and the borehole. In a prsferrBd 
embodiment the process for fonming the welibore casing further includes radially 
expanding at least a portion of the first welibore casing. In a preferred embodiment 

35 the process for forming the welibore casing further includes overt apping a portion of the 
radially expanded second welibore casing with a portion of the first welibore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the inside diameter of a nonoverlapping portion of the 
first wellbore casing. In a preferred embodiment, the process for forming the wellbore 
casing further includes applying an axial force to the expansion cone. In a preferred 

5 embodimmt. the Inside diameter of the radially expanded shoe Is greater than or equal 
to the inside dianDeter of the radially exparided second wellbore casing. 

A method of fonnlng a tubular structure in a subterranean fonmatlon having a 
preexisting tubular member positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone» and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe t>y injecting a fluidlc material Into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borehole below the expansion cone, in a preferred embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further Includes lowering the expansion cone Into.the radially 

15 expanded portion of the shoe, and radially expandbig the expansion con^ In a 

preferred embodiment the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by Injecting a fluidic material into the borehole below 
the radially expanded expansion cone, in a preferred embodiment, the method further 
includes Injecting a hardenable fluidic sealing material into an annulus between the 

20 tubular liner and the borehole. In a preferred enribodiment, the niethod further includes 
radially expamfing at least a portion of the preexisting tutMjIar member. In a preferred 
embodiment, ttie mettuxl furttier includes overlapping a portion of the radially 
expanded tubular liner wRh a portion of the preexisting tubular member. In a preferred 
embodiment, the inside diameter of the nsKliaily expanded tubular ilner is sut>stanttally 

25 equal to ttie inside diameter of a nonoverlapping portion of the preexisting tubular 
member. In a preferred ernbodlnrient the niethod further includes applying an axial 
force to ttie expansion cone. In a prefenred embodinrient, the inside diameter of ttie 
radially expanded shoe is greater than or equal to the inside diameter of ttie radially 
expanded tubular liner. 

30 . An apparatus for forming a tubular structure In a subterranean formation having 
a preexisting tubular menrtfier positioned in a borehole has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of ttie tubular liner. In a prefened embodiment, ttie 

35 appmatusforttierindudesrneans for radially expanding the expans^^ In a 
prefened embodiment, ttie apparatus furttier includes means for lowering ttie 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
includes means for injecting a fluldic material into the t>orehol6 below the radially 
expanded expansion cone. In a preferred embodiment the apparatus ifurther includes 

5 means for injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubular 
membM*. In a preferred embodirnent, the apparatus further includes rneans for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 pree)dsting tubular memt>er. in a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular member. In a preferred embodiment, 
the apparatus further includes means for applying an axial fbroe to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe is greater 

15 than or equal to the Inside diameter of the radially expanded tubular ilner. 

An apparatus for forming a tubular structure within a subterranean fbnration 
including a preexisting tubular member positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diarneter of the radially expanded tubular Ilner is substantialiy equal to the inside 
dianrieter of a nonnyverlapping portion of the prsexistirlg tubular m 

A tubular structure positioned In a borehole wittrin a subtenanean fbmnation h» 
also been described tt>at Includes a first tubular member and a second tubular member 
coupled to and overlapping wltti ttie first tubular member, wherein ttie second tabular 

25 member is coupled to the first tubular member bf tite process of: installing the second 
tubular member, an expansion cone, and a shoe in tiie borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of ttie second tubular member by injecting a fluidic material 
Into the bwehole below the expansion cone. In a preferred embodiment, ttie process 

30 for forming the tubular structure further includes radially expanding ttie expansion cone, 
in a preferred embodiment, the process for forming the tubular structure further 
includes lowering the expansion cone into ttie radially expanded portion of ttie shoe, 
and radially expanding the expansion cone. In a preferred embodiment, ttie process 
for forming the tubular structure furttier includes radially expanding at least a portion of 

35 the shoe and the second tubular nriember by injecting a fluidic material into ttie 

borehole below ttie radially expanded expansion cone. In a preferred embodiment, ttie 
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process for forming the tubular structure further includes injecting a hardenable fluidic 
sealing material Into an annulus between the second tubular member and the borehole. 
In a prefenBd embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a prefenred 

5 embodiment, the process for forming the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a preferrBd embodiment the Inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of a 
nonoverlapping portion of the first tubularmember. In a preferred embodiment, the 

1 0 process for forming the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although Illustrative embodiments of the inventioYi have been shown and 

15 described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, R is 
approfKiate that the appended dsdms be construed broadly and in a rhanner consistent 
with the scope of the invention. 
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1 . An apparatus for forming a wellbore casing within a subtenranean formation 
including a preexisting wellbore casing positioned in a borehole, comprising: 

5 a tubular linen and 

means for radially expanding and coupling the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 

wherein the irtslde diameter of the radially expanded tubular liner is equal to the 
inside diameter of a non-overtapping portion of the preexisting wellbore casing. 

10 

2. An apparatus for forming a tubular structure within a subtenanean fbmiatlon 
including a preexisting tubular member positioned in a bon^hoie, comprising: 

a tubular liner; and 
means for radially expanding and coupling tiie tubular liner to an overiapping 
1 5 portion of ttie preexisang tubular men^ber; 

wherein the inside diameter of the radially expanded tubular liner is equal to the 
Inside diameter of a non-overlapping portion of ttie preexisting tubular member. 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located in a 
subtpnranean fomiation including a preexisting welibore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluididy coupled to the first fluid passage; 
ari expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of dairh 1 , wherein the expansion oone is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe includes a valveable fluid 
passage for oontroiling the flow of fluidic materials out of the expandable shoe. 

15 

4. The apparatus of daim 1 » wherein the expandable shoe indudes: 
an expandable portion; arid 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcumferenoe of the remaining portion. 

5. The apparatus of claim 4» wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatusof daim 4, wherein the expandable portion indudes: 
one or more oonugations. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1 , wherein the expandable shoe Indudes: 
one or more oonugations. 

g. A shoe, comprising: 
35 an upper annular portion; 

an intermedlata annular portion coupled to the upper annular portkxi; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intemnediate annular portion has an outer drcumference that is 

larger than the outer drcumferenoes of the upper and lower annular 

portions. 

5 

1 0. The shoe of daim 9, wherein the lower annular portion indudes a valveable fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intennediate portion Indudes: 
10 one or more inward fdds. 

1Z The shoe of daim 9, wherein the Intermediate portion indudes: 
one or more oonrugations. 

15 13. A method offbrmirig a wellborecadng In a subterranean formation 
preexisting welllxm casing positioned in a borehole, comprising: 

Installing a tubular ilner, an expansion cone, and a shoe in the boreto 
radially expanding at least a portion of the shoe by Injecting a flukiic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below ttie expansion cone. 

14. The method of daim 1 3, furttter comprising: 
radially expanding the expansion cone. 

25 

1 5. The method of daim 1 3. further comprising: 

lowering ttie expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method of daim 15, further comprising: 

radially exparxJing at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into ttie borehole below ttie radially expianded 
expanston cone. 



35 17. 



The mettiod of daim 13, furttier comprising: 
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injectir>g a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

18. The method of dalm 13, further oomprlsfng: 

5 radially expanding at least a portion of the preexisting wellbore casing. 

1 9. The method of dalm 1 8, further comprising: 

overiapping a portion of the radially expanded tubular lirier with a portion of the 
preexisting wellbore casing. 

10 

20. The method of dalm 19. wherein the Inside diameter of the radially expanded 
tubular liner Is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

15 21. The method of dalm 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of dalm 13. wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular Hner. 

23. An apparatus for fonming a wellbore casing In a subterranean fomiation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expansion cone. 

30 

24. The apparatus of dalm 23, further comprising: 
means for radially expanding the expansion cone. 



25. The apparatus of dalm 23, further corriprising: 
35 means for lowering the expansion cone into the radially expanded portion of the 

shoe; and 
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means for radially expanding the expansion cx>n6. 

26. The apparatus of daim 25. further comprising: 
means for injecting a fluidic material into the borehole below the radially 

expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 
means for irijecUng a hardenable fluidic sealing material into an annulus 

between the tubular finer and the borehole. 

28. The apparatus of daim 23, further connprising: 

means for radially expanding at leiast a portion of the preexisting wellt>ore 
casing. 

15 29. The apparatus of daim 28, further Gomprising: 

means for overlapping a portion of ttie radially expanded tubular liner with a 
portion of the preexisflng wellborB casing. 

30. The apparatus of daim 29, wherein ttie inside diameter of ttie radially expanded 
20 tubular liner is substantially equal to ttie inside diameter of a nonoverlapping portion of 

ttie praexisttng wellbors casing. 

31. The apparatus of daim 28, further comprising: 

means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23, wherein ttie inside diameter of the radially expanded 
shoe is greater ttian or substentially equal to ttie inside diameter of the radially 
expanded tubular Oner. 

30 33. An apparatus for forming a wellbore casing within a subterranean formation 
induding a preexisting wellbore casing positioned In a borahote, comprising: 
a tubular liner, and 

means for radially expanding and coupling ttie tubular liner to an overtapping 
portion of tiie preexIsUng wellbore casing; 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 
the preexisting wellbore casing. 

S 34. A wellbore casing positioned in a borehole within a subtenanean fomnation. 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

1 0 wherein the second welibore casing is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

irvecOng a fluidic material into the borehole below the expansion 

cone. 

20 35. The wellbore casing of daim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of daim 34, wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borshole below the radially 
30 expanded expansion cone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
injecting a hardenabie fluidic sealing material into an annulus between the 

second wellbore casing and the borehole. 

35 

39. The wellbore casing of daim 34. wherein the process further comprises: 



35 

radially expanding at least a portion of the first wellbore casing, 



40. The wellbore casing of daim 39, wherein the process further comprises: 

overlapping a portion of the radially expanded second wellbore casing with a 
5 portion ofthe first wellbore casing. 



41 . The wellbore casing of daim 40, wherein the inside diameter of the radially 
expanded second wellborB casing is substantially equal to the Inside diameter of a 
nonoverlapping portion of the first weilbore casing. 

10 

42. The weilbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expanston cone. 

43. The wellborB casing of daim 34, wherein the inside diameter of the radially 
15 expanded shoe is greater than or substantiaily equal to the inside diameter of the 

radleliy expanded second weHbore casing. 

44. A method of fbmiing a tubular stmdure In a subterranean fonnation having a 
preexisting tubular member positioned in a borehole, comprising: 

Installing a tubidar ibfier, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic material 
Into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

The method of daim 44. further comprising: 
radially expanding the expansion cone. 

The method of daim 44, further comprising: 

lowering the expansion cone into the radiaUy expanded portion of the shoe; and 
radially expanding the expansion cone. 



25 

45. 



46. 

30 



47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
35 a fluidic material into the borehole below the radially expanded 

expensbn cone. 
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48. The method of claim 44/further comprising: 

injecting a hardenable fluklic sealing jnaterial into an annulus t)etween the 
tubular liner and the borehole. 

5 

49. The method of dafm 44, further comprising: 

radially expanding at least a portion of the preexisting tubular member. 

50. . The method of daim 49, further comprising: 

10 overlapping a portton of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interface and a 
fluidicseal. 

51 . The method of daim 50. wherein the inside diameter of the radially expanded 
15 tubular Hner is subslanfially equal to the inside diameter of a nonoveriappirig portion of 

the preexisting tubular member. 

52. The method (rfdafrn 49, further oomprteing: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44. wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fonriing a tubular structure in a subtenanean fbnmation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54. further comprising: 
means for radially expanding the expansion oone. 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering the expansion oone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion oone. 

5 57. The apparatus of claim 56, further comprising: 

means for inJecUng a fluidic material into the borehole below the radially 
expanded expansion oone. 

58. The apparatus of daim 54, further comprising: 

1 0 means for Injecting a hardenable flukJIc sealing material into an annulus 

between the tubular liner and the borehole. 

59. The apparatus of daim 54. further comprising: 

means for radially expanding at least a portion of the preexisting tidNJiar 
IS nnennber. 

the apparatus of daim 59, further comprising: 
meians for overiapping a portion of the radially expanded tubular liner with a 
portion of the premteHng tubular member to provide a load bearing 
interface and a fluidic seal. 

61. The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the Inside diameter of a nonoveriapping portion of 
the preexisting tubular niemk>er. 

25 

62. The apparati^ of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus ofdalm 54, wherein the inside dianrieter of the radially expand 
30 shoe is greater than or substantially equal to the Inside diameter of the radialty 

exparxled tutHJiar liner. 

64. An apparatus for forming a tubular stnicturs within a subterranean formation , 
induding a preexisting tubular nierrd)er positioned in a borehole, oompri»'ng: 

' 35 a tubular linen and 



60. 
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means for radially expanding and coupling the tubular liner to an overtapping 

portion of the preexisting tubular meniben 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a sutyterranean fonnation, 
comprising: 

a first tubular member, and 

a second tubidar member coupled to and overlapping with the first tubular 
member, 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

mstalHng the second tubular membw. an expansion cone, and a shoe in 
the borehole;. 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular menrA>er by 

injecHng a fluidic material Into the borehole below the ex^ 

cone. 

66. The tubular stmcture erf daim 65, wherein the process further comprises: 

radiayy expanding the expansion cone. 

67. The tubular stmcture of daim 65, wherein the process further connprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular stmcture of daim 67, wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by Injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 



69. 



The tubular stmcture of daim 65, wherein the process further comprises: 
irijecOng a hardenaUe fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of daim 65, wherein the precess further comprises: 
radially expanding at least a portion of the first tubular member. 

5 71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tubular structure of daim 71 , wherein the inside diameter of the rediaily 
10 expanded secorKi tubular member is substantiaily equal to the inside diameter of a 
nonovertapping portion of the first tubular member. 

73/ The tubular structure of daim 70. wherein the process further comprises: 
applying an axial force to the expansion cone. 

15 

74. The tubular structure of daim 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantialty equal to the Inside diameter of the 
radially expanded second tubular merTA)er. 

75. An apparatus for fbnning a wellbore casing in a borehole located in a 
subtenranean fonmation Induding a preexisting welibore casing, comprising: 

a support nnember induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 

second fluid passage fluldidy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular Rner conq)ri8ing: 

a vahfeable fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
a remaining portion coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion Is greater 
than the outer drcumference of the remaining portion. 
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76. A shoe, comprising: 

an upper annular portion; 



40 

an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion coupled to the intemiediate portion including a 

vah^able fluid passage for controlling the flow of fluldic materials out of 
5 the shoe; 

wherein the Intermediate annular portion has an outer drcumference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

10 77. A method of Ibmning a wellbore casing in a sutiterranean fbnration having a 
preexisting weHbore casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the txsrehoie; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

15 lowering the expansion cone Into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting welibbre casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular liner, and 

wherein the inside dianieter of the radially expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nonovertapping 

portion of the preexisting wellbore casing. 

78. An apparatus for fonming a wellbore casing in a subterranean fomiation having a 
preexisting wellbore casing positioned in a borehole, comprising: 
30 means for installing a tubular liner, an expansion cone, and a shoe in ttie 

borehole; 

means for radially expanding at least a portion of ttie shoe by injecting a fluidic 

mat^l Into the shoe; 
means for lowering the expansion cone into ttie radially expanded portion of ttie 
35 shoe; 

means for radially expanding ttie expansion cone; 
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means for radially expanding at least a portion of the tubular liner by Injecting a 
fluidic material into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the preexistino wellbore 
S casing; and 

means for overiapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe Is greater than or 

substantially equal to the inside diameter of the radially expanded 
10 tubular liner, and 

wherein the Inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonovertapping portion of 

the preexisting wellbore casing. 

15 79. A wellbore casing positioned in a borehole witHn a Sfub(ennanean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overiapping with the first welitKMre 
casing; 

20 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of: 

Installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
25 material Into the shoe; 

lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the secorKi weltoore casing by 
30 injecting a fluidic material into the borehole below the radially 

expanded expansion cone; and 

overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first viiellbpre casing; 



42 



wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the inside diameter of the radially 
expanded second wellbore casing; and 

wherein the inside diameter of the radially expanded second wellt>ore 
casing Is substantially equal to the inside diameter of a 
nonoverlapping portion of the first welibore casing. 

80. A method of fbnning a tubular structure in a subtenanean fbrmatim having a 
preexisting tubular member positioned In a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole: 
radteilty expanding at least a portion of the shoe by injecting a fluldic material 
mto flie shoe; 

lowering the expansion cone Into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluldic 

material Into ttie borehole below the radially expanded expansion cone; 
and 

overiappbig a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interfece and a 
fiuidlceeal; 

wherein the inside diameter of the radially expanded shoe Is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diamet^* of. a nonovertapping portion of 

the preexisting tubular member. 

81 . An apparatus for forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
. borehole; 

means for radially mpanding at least a portion of the shoe; 
means tor lowering the expansion cone into the radially expanded portion of the 
shoe; 

means for radially expanding the expansion done; 

means lor radially expanding at least a portion of the tubular linen and 



means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal; 

wherein the inside diameter of the radially expanded shoe is gnaater than or 
5 substantially equal to the inside diameter of the radially e)q>anded 

tubular linen and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member 

10 

82. A tubular stmcture positioned in a borehole witiiln a siibtenranean formation, 
compridng: 

a first tubular member; and 

a second tubular member coupled to and overiapping wltti the first tubular 
15 memben 

wherein ttie second tubular member is coupled to ttie first tubular member by 
0ie prooees of: 

instalfing the second tubular member, an expansion cone, and a shoe In 
the borehole; 

20 radlally expanding at least ia portion of ttie shoe injecting a fluidic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion oone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic mat^l into tiie borehole below ttte radially 
expanded expansion cone; and 
overlapping a portion of the radially expanded second tubular member 
with a portion of the first tubular menrU)en 
30 wherein ttie inside diameter of the radially expanded shoe is greater 

ttian or substantially equal to ttie Inside diameter of ttie radially 
expanded second tutnilar member, and 
wherein the inside diameter of the radially expanded second tubular 
member Is substantially equal to the Inside diameter of a 
35 norraveriappirig portion ofthe first tubular rnember. 



o 

INVESTOR IN PEOPLE 

Applicatioii No: GB0423417.S Examiner: J D Cantrell 

Claimis searched: 1 & 2 Date of search: 1 1 November 2004 

Patents Act 1977: Search Report under Section 17 



Documents considered to berdevant: 



Category 


Relevant - 
to claims 


Identity of document and passage or figure of partkular relevance 


X,E 


1&2 


GB2388134A 






ENVENTURE (Figs 8,9,11.15) 


X,E 


1&2 


GB238740SA 






ENVENTURE (e.g. Figs 11, 2k, 5g, 6f. 70 


X 


1&2 


W099/35368A 






SHELL(Figl) 



Categories: • \ . 

X DocuoKitiiKUcaliDglaGkofnyveltyorii^^ A Documnit indicttiii^ tecfanologicd 

itq> oftfieait. 

Y nnaipiMtf inrficfltit^ larfc nf favcTtivft utep if P Docomeit fnMdifid OQ OT after the dcclaitd prionQf 

combined with OIK or BionoltedoGuinefllB of twtbdbrelliefiliiv date of diii invention. 

samecaiegDfy. 

& Member of ttwnmBpiieal&mfly B Pitteit documem published on or aiter» bm widi pnoii^ 
earlier than, fl» fiUng date of ttiis applicetion. 

Fkid of Search: 

ScarA of GB, HP, WO A us patemdoqiments classified i^ 

EIF : 

Worldwide search of patad documents classified in die following areas of the IPC^ 

E21B 

The foUowiM oitfiDe and other datthases have been used in die preparation of ttns search report 

ONLINE: EPODQC. PAJ,WPI " ■ . 




An Executive Agency of the Department of IVade and Industiy 



TMs Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of tlie Official Record 

BEST AVAILABLE IMAGES 

Defects in the images include but are not limited to the items checked: 

□^LACK BORDERS 

□ IMAGECUTOFFATTOP,BOTTOMORSIDES 
,<Q^ADED TEXT OR DRAWING 

J3^URRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK ANp #mTE PHOTOGRAPHS 

□ GRAY SCALE b60%IigS|Ci"..' 

□ lines OR Rj^iR^ 

□ REFERENCECS) OR EXHmiT(S) SUBIVHTTED ARE POOR QUALITY 

□ OTHER: . '■• -.' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents wiU not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



